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(54) Heater module for optical waveguide device 

(57) To provide a heater module which can improve 
the temperature uniformity in an optical waveguide while 
keeping the power consumption and the thickness of the 
optical waveguide module. 

A heater module (20) in accordance with the present in- 
vention is a heater module (20) for heating an optical 
waveguide device (12) so as to regulate its temperature; 
and comprises a heat-generating circuit adapted to gen- 
erate heat when energized, and a heat-transmitting sec- 



tion disposed on the upper face of the heat-generating 
circuit and formed with a recessed groove portion for 
mounting the optical waveguide device (12). 
When the optical waveguide device (12) is mounted on 
the bottom face of the heat-transmitting section (21 ) 
formed with the recessed groove section, the optical 
waveguide device (12) can be heated not only from its 
bottom face, but also from its side faces by edge parts 
constituting the recessed groove portion , whereby the 
temperature uniformity can be enhanced. 



Fig.1 



CO 
CO 

O) 



Q. 

Ill 




Printed by Jouve. 75001 PARIS (FR) 



JSDOCID: <EP 11 91361 A1_I_> 



1 



EP 1 191 361 A1 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a heater module for heating an optical waveguide device so as to regulate 
the temperature of the optical waveguide device, and an optical waveguide device equipped with the same. 

10 Related Background Art 

[0002] If an optical waveguide module has a large temperature distribution within an optical waveguide device, the 
size of the optical waveguide will vary due to differences in thermal expansion of its substrate depending on locations, 
thereby damaging its wavelength selectivity and switching characteristics. Therefore, an uniformity in temperature is 

*s required within the optical waveguide device. 

[0003] As a device for regulating the temperature of optical waveguide devices, thermoelectric cooling module and 
heaters have conventionally been utilized. Since it is necessary for an optical waveguide module to draw thereinto an 
optical fiber used for transmitting optical signals with respect to external devices, hermetic sealing is difficult at the 
drawing portion. Therefore, it is impossible for thermoelectric cooling module to secure their reliability, whereby heaters 

20 are often used as a temperature-regulating device. Inaheater, a heat- generating circuit (resistance) adapted to generate 
heat when energized is provided within an insulating layer, whereby the heat from the heat-generating circuit is trans- 
mitted to the optical waveguide device by way of the insulating layer. 

[0004] Conventionally, ceramics heaters made of alumina having a relatively low thermal conductivity (thermal con- 
ductivity of 20 W/mK) and the like have often been used. However, tendencies toward larger capacities and higher- 

25 speed communications have nowadays become remarkable, in particular, in the field of optical communications. Re- 
cently, along with the shift to D-WDM (Dense Wavelength Division Multiplexing), optical waveguide devices having 
large areas have come into use. Further, there has been an increasing demand for multiplexing a greater number of 
signals than those conventionally multiplexed for a certain frequency width, thereby enhancing the demand for uni- 
formity in temperature. Hence, it is desired that the uniformity in temperature within the optical waveguide device be 

30 further improved (to become ±0.5°C or less). 

[0005] In order to satisfy such a demand for uniformity in temperature of the optical waveguide device, two methods 
have currently been under consideration. The first method is one using a heat spreader employing a Cu alloy or the 
like having a favorable thermal conductivity. It is a method in which the heat generated by an alumina heater is once 
uniformly dispersed by the heat spreader and then is transmitted to the optical waveguide device, so as to improve 

35 the uniformity in temperature. The second method is one in which the heater itself is formed from AIN or the like having 
a thermal conductivity (thermal conductivity of 1 70 W/mK) which is about 1 0 times that of conventionally used alumina, 
so that the heat generated by the heater is uniformly dispersed by the heater itself and then is transmitted to the optical 
waveguide device, whereby the uniformity in temperature is improved. When these methods are employed, the tem- 
perature distribution of the optical waveguide device can be made±0.5°C or less. 

40 

SUMMARY OF THE INVENTION 

[0006] However, demands for D-WDM have recently been becoming severer in a drastic manner, whereby further 
multiplexing is desired. As a consequence, a temperature uniformity higher than that conventionally achieved is re- 

45 quired for optical waveguide devices. Further, photonic networks making full use of optical switching and the like without 
using electric devices at all have been under consideration. For realizing them, devices using newmaterials such as 
LiNb0 3 and resin waveguides, which are different from conventional quartz and silica, have been under consideration 
as optical waveguide devices. For these devices, a temperature uniformity severer than that conventionally demanded 
is required, and there is a case where a temperature uniformity of ±0.1 °C or less is required for an optical waveguide 

50 device. 

[0007] In order to overcome such problems, as shown in Fig. 7, an attempt to realize a temperature uniformity of 
±0.1 °C or less was carried out by utilizing the fact that the temperature uniformity of an optical waveguide device 71 
improves when the thickness of a ceramics heater 73 or the thickness of a heat spreader 72 is enhanced, in this case, 
though the temperature uniformity in the optical waveguide device 71 was maintained in its surface bonded to the 
55 ceramics heater 73 or heat spreader 72, the surface opposite from the one bonded to the ceramics heater 73 or heat 
spreader 72 was exposed to an ambient temperature, whereby the optical waveguide device 71 was cooled, thus failing 
to realize a temperature uniformity of ±0.1 °C or less. 

[0008] In order to prevent the upper part of the optical waveguide device 71 frombeing cooled, there maybe consid- 
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ered a method in which the optical waveguide device 71 is heated by a heater from both upper and lower faces of the 
optical waveguide device 71 , or a method in which the heater for heating is not constituted by ceramics but by a silicone 
74 or polyimide heater, which can be bent freely as shown in Fig. 8, and the heater is processed into a tubular form 
having a center part at which the optical waveguide device 71 is installed. 

[0009] However, the above-mentioned methods heat not only the optical waveguide device 71 but also the whole 
optical module, thereby being problematic in that the power consumption increases to about two times or more that in 
the case where heating is effected from only the lower face of the optical waveguide device 71 . Also, they are prob- 
lematic in that the optical waveguide module inevitably increases its thickness. While an optical waveguide module is 
required to have a thickness of about 1 0 mm, which is typical as a module other than the optical waveguide module, 
the thickness of the optical waveguide module becomes about 20 to 30 mm in the above-mentioned methods. There- 
fore, in an apparatus equipped with the optical waveguide module, design rules for designing an apparatus constituted 
by other devices alone are not applicable, so that a special design is necessary, whereby not only the efficiency in 
designing and the cost of design, but also the cost of the whole apparatus increases. 

[0010] Therefore, it is an object of the present invention to provide a heater module which can improve the temper- 
ature uniformity in an optical waveguide while keeping the power consumption and the thickness of the optical 
waveguide module by overcoming the problems mentioned above, and an optical waveguide module equipped there- 
with. 

[0011] The heater module in accordance with the present invention is a heater module for heating an optical 
waveguide device so as to regulate a temperature of the optical waveguide device, the heater module comprising a 
heat-generating circuit adapted to generate heat when energized; and a heat-transmitting section disposed on an upper 
face of the heat-generating circuit and formed with a recessed groove portion for mounting the optical waveguide device. 
[001 2] In the present invention, the heat-transmitting section for heating an optical waveguide device is formed with 
a recessed groove portion, and the optical waveguide device is mounted in this recessed groove portion. The inventors 
have found that such a configuration makes it possible to heat the optical waveguide device not only from its bottom 
face but also from its side faces by way of edge parts constituting the recessed groove portion, whereby the temperature 
uniformity can be enhanced. Since the heat is transmitted from the edge parts of the recessed groove portion formed 
in the integral heat-transmitting section in the configuration of the present invention, it is not necessary to provide 
respective heaters 75 for generating heat at the bottom and side faces as shown in Fig. 9. Also, since the optical 
waveguide device can be mounted so as to be inserted into the recessed groove portion formed in the heat-transmitting 
section, no heat-transmitting section for heating the upper face of the optical waveguide device is necessary, whereby 
a simple configuration can realize a heater module capable of enhancing the temperature uniformity. As a consequence, 
the thickness of the optical waveguide module using the optical waveguide device can be kept on a par with that in 
the case where the optical waveguide device is simply mounted on the heat-transmitting section. 
[0013] In the heater module, the heat-transmitting section may be constituted by AIN ceramics. 
[0014] When the heat-transmitting section is thus constituted by AIN ceramics having a high thermal conductivity, 
the temperature uniformity of the heated optical waveguide device can further be enhanced. 

[0015] Preferably, in the heater module, an insulating layer is disposed between the heating circuit and the heat- 
transmitting section. 

[0016] The optical waveguide module in accordance with the present invention comprises the above-mentioned 
heater module, an optical waveguide device mounted in a recessed groove portion formed in the heat-transmitting 
section, and a housing accommodating the heater module and the optical waveguide device. 

[001 7] When an optical waveguide module for heating an optical waveguide device is constituted by using the above- 
mentioned heater module as such, the temperature uniformity of the optical waveguide device can be enhanced, and 
the optical waveguide module can be realized by a simple configuration, whereby the thickness of the optical waveguide 
module can be kept on a par with that in the case where the optical waveguide device is simply mounted on the heat- 
transmitting section. 

[001 8] Preferably, a gaseous medium is interposed in a space defined between an edge part of the recessed groove 
portion and the optical waveguide device, and the upper face of the edge part constituting the recessed groove portion 
is higher than the upper face of the optical waveguide device mounted on the bottom face of the recessed groove 
portion, or has a level difference not greater than 0.1 mm with respect to the upper face of the optical waveguide device 
or not greater than 1/10 of the height of the optical waveguide device. 

[0019] The edge part of the recessed groove portion acts to transmit the heat, which is transmitted to the heat- 
transmitting section, to the optical waveguide device. The heat from the edge part is transmitted by way of the gaseous 
medium interposed between the optical waveguide device and the edge part. When the upper face of the edge part is 
lower than the upper face of the optical waveguide device, the heat is transmitted to the optical waveguide device up 
to the height of the upper face of the edge part but not to its portion higher than the edge part. In this case : the upper 
face of the optical waveguide device is cooled by the ambient temperature. As a result of simulations of the relationship 
between the height of the edge part and the temperature uniformity, it has been found that, in the case where the upper 
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face of the edge part is higher than the upper face of the optical waveguide device or where the upper face of the 
optical waveguide device is higher than the edge part, a desirable temperature uniformity (±0.1 °C or less) can be 
realized when their difference is not greater than 0.1 mm or not greater than 1/1 0 of the height of the optical waveguide 
device. 

5 [0020] Preferably, a gaseous medium is interposed in a space defined between an edge part of the recessed groove 
portion and the optical waveguide device, and the space defined between the edge part of the recessed groove portion 
and the optical waveguide device has a width of at least 0.02 mm but not greater than 1 .0 mm. 
[0021] If the width of the space between the edge part and the heat-transmitting section is shorter than 0.02 mm, a 
portion where the heat-transmitting section and the optical waveguide device partly come into contact with each other 

10 will occur due to problems in the processing accuracy of the heat-transmitting section, whereby the temperature uni- 
formity of the optical waveguide device cannot be secured. If the width of the space between the edge part and the 
heat-transmitting section is greater than 1.0 mm, heat cannot efficiently be transmitted to side faces of the optical 
waveguide device when convection occurs within the optical waveguide module due to partial temperature differences 
and the like, whereby the temperature uniformity cannot be secured. Therefore, it is preferred that the width of the 

15 space between the edge part and the heat-transmitting section be at least 0.02 mm but not greater than 1.0 mm. 
Further, according to the structure of the optical waveguide module, it is desirable that the width of the space be 0.5 
mm or less in order to keep the convection from influencing the space. 

[0022] The optical waveguide module may further comprise a resin interposed in a space defined between the edge 

part and the optical waveguide device. 
20 [0023] When a resin is interposed in a space defined between the edge part and the optical waveguide device as 

such, the resin can transmit heat from the heat-transmitting section to the optical waveguide device. 

[0024] In the optical waveguide module, the resin may be composed of a grease-like material. 

[0025] When a grease-like resin is used as such, no thermal stress acts on side faces of the optical waveguide 

device. Therefore, even when an optical waveguide susceptible to stress is used, the danger of damaging the optical 
25 waveguide device can be lowered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Fig. 1 is an exploded perspective view showing the optical waveguide module in accordance with a first em- 
30 bodiment. 

[0027] Fig. 2 is a sectional view showing the optical waveguide module in accordance with the first embodiment. 
[0028] Fig. 3 is a sectional view showing the optical waveguide module in accordance with the first embodiment. 
[0029] Fig. 4 is an explanatory view for explaining the housing of the optical waveguide module. 
[0030] Fig. 5 is an exploded perspective view showing the optical waveguide module in accordance with a second 
35 embodiment. 

[0031] Fig. 6 is a sectional view showing the optical waveguide module in accordance with the second embodiment. 
[0032] Fig. 7 is a view showing a conventional heater module. 
[0033] Fig. 8 is a view showing a conventional heater module. 
[0034] Fig. 9 is a view showing a conventional heater module. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0035] Preferred embodiments of the optical waveguide module in accordance with the present invention will now 
be explained in detail with reference to the drawings. In the explanation of the drawings, constituents identical to each 

45 other will be referred to with numerals identical to each other without repeating their overlapping descriptions. 

[0036] Fig. 1 is a perspective view showing the configuration of an optical waveguide module 1 0 in accordance with 
a first embodiment, Fig. 2 is a sectional view of the optical waveguide module 10 taken along the ll-ll direction, Fig. 3 
is a sectional view of the optical waveguide module 10 taken along the Ill-Ill direction, and Fig. 4 is an explanatory 
view for explaining a housing 30. The optical waveguide module 10 comprises an optical waveguide device 12 made 

so of quartz with dimensions of 50 x 10 x 1 mm, a heater module 20 for heating the optical waveguide device 12, and the 
housing 30 for accommodating the optica! waveguide device 12 and heater module 20. 

[0037] As shown in Fig. 2, the heater module 20 is constituted by a heat-generating circuit 22, adapted to generate 
heat when energized, having a resistance of 0.5 to 10 Q; and a heat-transmitting section 21 disposed on the upper 
face of the heat-generating circuit 22. The heat-generating circuit 22 is formed from tungsten, molybdenum, sitver- 
55 palladium, or the like, and electrodes 23 for supplying an electric current to flow through the heat-generating circuit 22 
are disposed at both ends of the heat-generating circuit 22. The heat-transmitting section 21 disposed on the upper 
face of the heat-generating circuit 22 is formed by an AIN ceramics layer 21 having a high thermal conductivity. As 
shown in Fig. 3, the heat-transmitting section 21 is formed with a recessed groove portion, and the optical waveguide 
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device 12 is mounted on the bottom face 21b of the recessed groove portion so as to be held between edge parts 21a 
constituting the recessed groove portion. A resin 41 fills the gap between the mounted optical waveguide device 12 
and the bottom face 21b of the recessed groove portion, and the gap between the optical waveguide device 12 and 
each edge part 21 a. The heat transmitted from the heat-generating circuit 22 is substantially uniformly dispersedwithin 
theAINceramics layer 21 . As a consequence, the heat is transmitted from the bottom face 21b and edge parts 21a of 
the recessed groove portion by way of the resin 41, so that the optical waveguide device 12 mounted on the upper 
face of the AIN ceramics layer 21 is uniformly heated, whereby the temperature uniformity in the optical waveguide 
device 12 can be enhanced. Also, since AIN ceramics are highly resistant to humidity, the resistance value of the heat- 
generating circuit 22 does not change even when continuously used for a long period of time, whereby a high reliability 
is obtained. Here, a method of making the heater module 20 will be explained. First, with W paste, the heat-generating 
circuit 22 and the electrodes 23 are printed onapreformsheetofAINceramics. Subsequently, thepreform sheet of AIN 
ceramics is applied to the upper face of the heat-generating circuit 22, so as to make a temporarily formed article of 
the heater module 20. This temporarily formed article is sintered in a nitrogen atmosphere of 1 700°C or higher, so that 
the recessed groove portion is formed in the AIN ceramics, whereby the heater module 20 is accomplished. When 
mounting the optical waveguide device 12 in the heater module 20, the amount of resin used for bonding the optical 
waveguide device 12 and the recessed groove portion bottom face 21b to each other is set greater for example, so 
that the resin 41 spills over when the optical waveguide device 12 and the heat-transmitting section 21 are bonded to 
each other, and thus spilled resin 41 is used for filling the spaces between the optical waveguide device 12 and the 
edge parts 21a of the recessed groove portion. Though the resin 41 used in this embodiment is a silicone resin, an 
epoxy resin can be used as well. Further, in order to lower the stress acting on the optical waveguide device 12, a part 
of the resin 41 may be substituted by grease, for example, such that a part contacting to side faces of the optical 
waveguide device 12 is a grease-like resin. 

[0038] The housing 30 is constituted by a package substrate 31, to which lead pins 32 for energizing the heat- 
generating circuit 22 are soldered, for supporting the heater module 20; and a cover 35 for covering the package 
substrate 31 (see Fig. 1 ). The whole package has dimensions of 1 00 x 50 x 1 0 mm. As shown in Fig. 4, two opposing 
faces of the cover 35 for the housing 30 are formed with insertion ports 35a for inserting an optical fiber 1 4. The package 
substrate 31 has a flat sheet 31 a to which the lead pins 32 are soldered, and support sheets 31 b bonded to both ends 
of the lower side of the flat sheet 31a (see Fig. 2). When the support sheets 31 b are provided as such, excessive loads 
can be prevented from being exerted on the lead pins 32 when assembling the optical waveguide module 10 into a 
system board and the like. The cover 35 and the package substrate 31 are bonded to each other by a resin. Though 
the resin used in this embodiment is a silicone resin which is effective in preventing the deformation from occurring at 
the time of bonding, an epoxy resin can also be used. The cover 35 and the package substrate 31 are mainly composed 
of copper-tungsten. Therefore, the housing 30 has a high temperature uniformity, whereby the temperature uniformity 
in the optical waveguide device 1 2 can be improved. Similar effects can also be obtained when the housing 30 is mainly 
composed of cobalt, iron, nickel, alumina, or aluminum nitride. When the housing 30 is mainly composed of a resin or 
silica glass, which is a highly heat-insulating material, the heat within the housing 30 can be restrained from being 
emitted to the outside, whereby the temperature of the optical waveguide device 1 2 can be prevented from decreasing. 
[0039] In the optical waveguide module 10 in accordance with this embodiment, the heat-transmitting section 21 of 
the heater module for heating the optical waveguide device 12 is formed with the recessed groove portion, in which 
the optical waveguide device 12 is mounted. As a consequence, the optical waveguide device 12 is heated from the 
bottom face 21b and edge parts 21a of the recessed groove portion, whereby the temperature uniformity in the optical 
waveguide device 12 can be enhanced. When the temperature uniformity in the optical waveguide device 12 was 
observed with a thermo-viewer under a condition in which the temperature of the heater module 20 was 80°C and the 
ambient temperature was 0°C, it was possible to hold the temperature distribution within ±0.1 °C. As forthe temperature 
controllability, only a change of ±0.2 or less in temperature was observed even when the ambient temperature was 
changed over the range of -40 to 70°C, whereby it was found to be less susceptible to the outside temperature. Also, 
the heater module 20 and the optical waveguide device 12 were less likely, to warp, no anisotropy was observed in 
optical waveguide characteristics, and no problems were found in the insertion loss, switching characteristics and 
dependence of polarization due to birefringence occurred. 

[0040] Since a single heat-generating circuit 22 can heat the optical waveguide device 1 2 from the edge parts 21 a 
and bottom face 21b, the optical module in accordance with this embodiment can improve the temperature uniformity 
while saving the power consumption. In an experiment carried out under the above-mentioned condition, the power 
consumption was 3 W or less. 

[0041] An optical waveguide module 50 in accordance with a second embodiment of the present invention will now 
be explained. Fig. 5 is a perspective view showing the optical waveguide module 50 in accordance with the second 
embodiment, and Fig. 6 is a VI-VI sectional view of the optical waveguide module 50. The optical waveguide module 
50 in accordance with the second embodiment has a basic configuration identical to that of the optical waveguide 
module 1 0 in accordance with the first embodiment but differs therefrom in the configuration of a heater module 60 for 
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Si 9 T^Tf^t^erL^e 60 in the second embodiment has a heat-generating circuit 62 = adapted 

Afr^nseauence To the optical waveguide device 12 mounted on the upper face of the heat spreader 65, the heat 
fstr^nsS 

L^T^hl'^ 10 in accordance with the first embodiment, the optica, waveguide 

mmmmmm 

^ropt^ - - present invention wi,, r t be , 

S K ^Z? P t^TaCicie m odu.e in accordance with the third embodiment has a ^^^^ 
to ?hat of the optical waveguide module 50 in accordance wKh the second embodiment, but differs therefr om ^ hat 
the I space ^ between the edge part 21a constituting the recessed groove portion and the opfcal wavegu.de dev.ce 12 

W Sbte rstot°rls h rofExpe ri ment 1 in which the temperature unf onr*y in the optica, waveguide devjje in 
hus confTqu ed oSZ waveguide module was measured whiie changing the width (corresponding to the w,dth D 
Lhln R m of the s^ace between the edge part of the recessed groove portion and the optica, wavegu.de dev.ce. 
He" the uppei flee of t^ne opS waveguide 9 device and the upper face of the edge part 21 a of the recessed groove 
portion are supposed to have the same height. 

TABLE 1 



The heat-transmitting section and the optical waveguide dev.ce have the same 
h^inht 




Space width (mm) 


Temperature uniformity (°C) 


Sample 1* 


0.01 


±0.2 


Sample 2 


0.02 


±0.1 


Sample 3 


0.1 


±0.07 


Sample 4 


0.5 


±0.09 


Sample 5 


1.0 


±0.1 


Sample 6* 


! 15 


^ ±0.3 



* indicates Comparative Example. 

[0046] As can be seen from this table, a temperature unit ormfcy of ±0. 1 »C or less can be mM«hH 
SeTpace between the edge part 21 a of the recessed groove portion and the opfcal wavegu.de dev.ce ,s at least 0.02 

[0047? ^TsZ^res^ Experiment 2 in which the outside of the optica, waveguide module in Experiment 1 
was forcibly cooled with air at a wind speed of 5 m/s. 
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TABLE 2 



The heat-transmitting section and the optical waveguide device have the same height, with forcible cooling at 
a wind speed of 5 m/s. 




Space width (mm) 


Temperature uniformity (°C) 


Sample 7* 


0.01 


±0.2 ; 


Sample 8 


0.02 


±0.1 


Sample 9 


0.1 


±0.07 


Sample 10 


0.5 


±0.09 


Sample 11* 


1.0 


±0.2 



* indicates Comparative Example. 



15 



20 



[0048] As canbe seen from this table, a temperature uniformity of ±0.1 °C or less can be attained when the width of 
the space between the edge part 21 a of the recessed groove portion and the optical waveguide device is at least 0.02 
mm but not greater than 0.5 mm. 

[0049] Table 3 shows results of Experiment 3 in which the temperature uniformity in the optical waveguide device in 
the optical waveguide module accordance with the third embodiment was measured while changing the height of the 
edge part 21a of the recessed groove portion and the height of the optical waveguide device relative to each other. 
Here, the height of the optical waveguide device was set to 1 .2 mm, and the width of the space between the optical 
waveguide device and the edge part 21 a of the recessed groove portion was set to 0.1 mm. 



25 



30 



35 



TABLE 3 



Space width = 0.1 mm, and the height of the optical waveguide device = 1 .2 mm. 




Positional relationship between optical waveguide device and 
edge part (mm) 


Temperature uniformity 
CO 


Sample 12* 


0.01 


±0.07 


Sample 13 


0.05 


±0.07 


Sample 14 


0.12 


±0.1 


Sample 15* 


0.2 


±0.12 



* indicates Comparative Example. 



40 



45 



50 



55 



[0050] As can be seen from this table, in the case where the optical waveguide device is higher than the edge part 
21a of the recessed groove portion, a temperature uniformity of ±0.1 °C or less can be achieved when their difference 
is not greater than 0.1 mm, which is 1/10 of the thickness of the optical waveguide device. 

[0051] Table 4 shows results of Experiment 4 in which the temperature uniformity in the optical waveguide device in 
the optical waveguide module in accordance with the third embodiment was measured while changing the height of 
the edge part 21 a of the recessed groove portion and the height of the optical waveguide device relative to each other. 
Here, the height of the optical waveguide device was set to 0.5 mm, and the width of the space between the optical 
waveguide device and the edge part 21 a of the recessed groove portion was set to 0.1 mm. 

TABLE 4 



Space width = 0.1 mm, and the height of the optical waveguide device = 0.5 mm. 




Positional relationship between optical waveguide device and 
edge part (mm) 


Temperature uniformity 
<°C) 


Sample 16* 


0.01 


±0.06 


Sample 17 


0.05 


±0.06 


Sample 18 


0.1 


±0.08 


Sample 19* 


0.2 


±0.12 



' indicates Comparative Example. 
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[0052] As can be seen from this table, in the case where the optical waveguide device is higher than the edge part 
21 a of the recessed groove portion, a temperature uniformity of ±0.1 °C or less can be achieved when their difference 
is not greater than 0.1 mm, even if it is not 1/10 of the thickness of the optical waveguide device or less. 
[0053] Table 5 shows results of Experiment 5 in which the height of the optical waveguide in Experiment 3 was made 
lower than that of the edge part 21a of the recessed groove portion. 



TABLE 5 



Space width = 0.1 mm, and the height of the optical waveguide device - 1 .2 mm. 




Positional relationship between optical waveguide device and edge 
part (mm) 


Temperature uniformity 
(°C) 


Sample 20 


0.01 


±0.07 


Sample 21 


0.05 


±0.07 


Sample 22 


0.1 


±0.07 


Sample 23 


0.2 


±0.07 



10 



15 



20 



25 



30 



35 



[0054] As can be seen from this table, a temperature uniformity of ±0.1 °C or less can be achieved when the edge 
part 21 a of the recessed groove 21 a is higher than the optical waveguide device. 

[0055] Though embodiments of the present invention are explained in detail, the present invention is not restricted 
to the above-mentioned embodiments. 

[0056] Though the optical waveguide is made of quartz in the above-mentioned embodiment, it is not limited to one 
made of quartz. For example, optical waveguide devices made of resins, silica, LiNb0 3 , and the like may be used as 
well. 

[0057] Also the dimensions of the optica! waveguide device can be changed. 

[0058] Further, the resin used for bonding and the like, and the material used for the housing and the like are not 
limited to those in the above-mentioned embodiments. 

[0059] According to the present invention, a recessed groove portion is formed in the heat-transmitting section con- 
stituting the heater module, and the optical waveguide device is mounted so as to be inserted in the recessed groove 
portion, whereby the optical waveguide device is heated from the bottom face and side faces. Therefore, the temper- 
ature uniformity in the optical waveguide device can be improved. 

[0060] Also since the present invention is not configured so as to heat the whole optical waveguide device, it can 
lower the power consumption for heating the optical waveguide device. Further, the thickness of the optical waveguide 
module can be kept on a par with that in the case where the optical waveguide device is simply mounted in the heat- 
transmitting section. 



Claims 

40 1 . A heater module for heating an optical waveguide device so as to regulate a temperature of said optical waveguide 
device, said heater module comprising: 

a heat-generating circuit adapted to generate heat when energized; and 

a heat-transmitting section disposed on an upper face of said heat-generating circuit and formed with a re- 
*s cessed groove portion for mounting said optical waveguide device. 

2. A heater module according to claim 1 , wherein said heat-transmitting section is constituted by AIN ceramics. 

3. A heater module according to claim 1 or 2, wherein an insulating layer is disposed between said heat-generating 
50 circuit and said heat-transmitting section. 



4. An optical waveguide module comprising: 

the heater module according to one of claims 1 to 3; 
55 an optica j waveguide device mounted in a recessed groove portion formed in said heat-transmitting section; 

and 

a housing accommodating said heater module and said optical waveguide device. 
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An optical waveguide module according to claim 4, wherein a gaseous medium is interposed in a space defined 
between an edge part of said recessed groove portion and said optical waveguide device; and 

wherein an upper face of said edge part constituting said recessed groove portion is higher than an upper 
face of said optical waveguide device mounted on a bottom face of said recessed groove portion, or has a level 
difference not greater than 0.1 mm with respect to said upper face of said optical waveguide device or not greater 
than 1/10 of the height of said optical waveguide device. 

An optical waveguide module according to claim 4, wherein a gaseous medium is interposed in a space defined 
between an edge part of said recessed groove portion and said optical waveguide device; and 

wherein said space defined between said edge part of said recessed groove portion and said optical 
waveguide device has a width of at least 0.02 mm but not greater than 1 .0 mm. 

An optical waveguide module according to claim 4, further comprising a resin interposed in a space defined between 
said edge part and said optical waveguide device. 

An optical waveguide module according to claim 7, wherein said resin is composed of a grease-like material. 
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Fig.3 




SDOCID <EP 1191361A1_L> 



12 




MSDOC1D: <EP 1 191361A1_I_> 



13 



EP 1 191 361 A1 




3DOCID <EP 1191361A1_1_> 



14 



i 



EP 1 191 361 A1 



CO 




CM. 




=3$ 




CO 
CO 



CO -O 
CO CO 

u 




CM 
CO 



CO 



CO" 



15 



<iSDOCID: <EP 1191361A1J_> 



EP 1 191 361 A1 




16 



SDOCID- <EP 1191361A1J_> 



EP 1 191 361 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 8094 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to cfalm 


CLASSIFICATION OF THE 
APPLICATION <taLCL7) 


X 


EP 0 603 411 A (KATOH KEIICHI ;UEDA SYUZI 
(JP)) 29 June 1994 (1994-06-29) 
* column 11, line 28 - column 12, line 25; 
figures 18-20 * 


1-4,7,8 


G02B6/00 


A 


US 5 818 564 A (CHASE JR DANA C ET AL) 

6 October 1998 (1998-10-06) 

* column 4, line 44 - column 5, line 67 * 


4-8 




A 


JP 10 123340 A (HITACHI CABLE) 
15 Mav 1998 (1998-05-15) 
* figures 1,3 * 


4-8 




A 


TAKASUGI ET AL.: "Study on Reliability of 
Arrayed Uavecu.de Gratinn Modules 11 
PROCEEDINGS OF THE GENERAL MEETING IN 
ELECTRONICS, THE INSITUTE OF ELECTRONICS, 
INFORMATION AND COMMUNICATION ENGINEERS, 
March 1999 (1999-03), page 275 
XP002945023 


4-8 






* figure 1 * 




TECHNICAL FIELDS 
SEARCHED (lnLCf.7) 


A 


EP 0 636 909 A (SUMITOMO) 

1 February 1995 (1995-02-01) 

* column 5, line 47 - column 7, line 3; 

figure 1 * 


4-8 


H01L 
G02B 
H05B 


A 


JP 07 248425 A (SUMITIMO ELECTRIC IND. 
LTD.) 26 September 1995 (1995-09-26) 
* figures 1,2 * 


4-8 




A 


US 5 288 301 A (R0WE CHRISTOPHER J ET AL) 
22 February 1994 (1994-02-22) 

* column 1, line 51 - column 1, line 66; 
figures 1,3 * 

* column 5, line 30 - column 5, line 43 * 


1-6 




The present search report has been drawn up for ail claims 







001 

MUNICH 



Date of completion of the search 

11 December 2001 



fcxamtrief 

Frisch, A 



CATEGORY OF CFTED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with anotner 

document of tt« same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document but published on. or 

after the filing date 
D • document cited In the application 
L : document dted for other reasons 



& : member of the same patent family, corresponding 
document 



17 



<SDOCID: <EP 1 191361 A1J_> 



EP 1 191 361 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 8094 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wtth Indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.7) 



US 3 323 886 A (HAYS FREDERICK R) 

6 June 1967 (1967-06-06) 

* column 3, line 27 - column 3, line 58; 

figures 3,4 * 



1-6 



The present search report has been drawn up for all claims 



Place of search 

MUNICH 



Date d! completion of the search 

11 December 2001 



TECHNICAL FIELDS 
SEARCHED <InLC!.7) 



Examine* 

Frisch, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant 11 taken alone 

Y : particularly relevant H combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P . intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document but pubished on. or 

after the filing date 
0 : document cited In the application 
L • document cited lor other reasons 



& V member o1 the same patent family, corresponding 
documert 



18 



SDOCID- <EP 1191361A1_I_> 



EP 1 191 361 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 8094 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of information. 

11-12-2001 



Patent document 
cited In search report 



Publication 
date 



Patent ram By 
member(s) 



Publication 
date 



EP 


0603411 A 


29-06-1994 


JP 


6099085 A 


12-04-1994 








AU 


665657 B2 


11-01-1996 








AU 


4357893 A 


31-01-1994 








DE 


69320449 Dl 


24-09-1998 








DE 


69320449 T2 


18-02-1999 








EP 


0603411 Al 


29-06-1994 








CA 


2115360 Al 


20-01-1994 








MO 


9401529 Al 


20-01-1994 








JP 


6086941 A 


29-03-1994 


US 


5818564 A 


06-10-1998 


EP 


0925525 Al 


30-06-1999 








JP 


2001500633 T 


16-01-2001 








WO 


9811468 Al 


19-03-1998 


JP 


10123340 A 


15-05-1998 


NONE 






EP 


0636909 A 


01-02-1995 


JP 


7092342 A 


07-04-1995 








AU 


678256 B2 


22-05-1997 








AU 


6874294 A 


09-02-1995 








CA 


2128848 Al 


30-01-1995 








EP 


0636909 Al 


01-02-1995 








KR 


204453 Bl 


15-06-1999 








US 


5444804 A 


22-08-1995 


JP 


7248425 A 


26-09-1995 


NONE 






US 


5288301 A 


22-02-1994 


AU 


631251 B2 


19-11-1992 








AU 


6338090 A 


08-04-1991 








EP 


0489821 Al 


17-06-1992 








WO 


9103436 Al 


21-03-1991 








US 


5342425 A 


30-08-1994 


US 


3323886 A 


06-06-1967 


DE 


1237802 B 










GB 


1013554 A 


15-12-1965 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



19 



1191361A1J_> 



ms P *GE BLANK 



(USPTO) 



